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2 .2.  ‘J’hc N M C  a n a l y s i s  s y s t e m

‘I’]]( Nhl(;  ol)jtrtivt  analysis syst(’m is a

1( ’v(:lsf-l’olll  70 1)1’a 1(0 0.4 I l l ’ s  [1’’itt.qr? (’/ 0/,

moc]ifird  (~rcss]nan  analysis  for l~r(xsIlr(J

1965;  Ctllil(l?l  (111(1 N(l.(/atalli, 1977]. A
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3 . 1 .  ‘1’illle l’;volution  of ‘J’c’]]l])c].:itllr[’s  aIId Wil](]s
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aIId ,lllly l)t~riocls  stlldi(d. ‘1’hc II I(MO at]a]ys(:s d~lrillp;  .Jlln(  al]d .Illly, al]d dllring

dill(,l(:il(”(’s  ar(~ larp;(’r 1)(’ral]s(:  th(’ (mrly  and  lat(’ willtc]  p(~rio(ls  ar(’ ]nor(  (lyllamically

artiv(;  IIow(’i’(’r, 1993 w a s  tl)( I(:ast  dyllalllic:ill\’  activ(  of tll(, tl)r(x’  willt(rs  tllrotlgllc)llt,

l~llt (10(’S  not s1lOW  IIotic(’al)ly slnall(:r  diflcml]ccs  in l“ig).  26.
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6. Discussion anti Summary
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assimilatiol~  ]nfjfl[~l.

IU tl]is st]]cly  W( llav(I  focl}ss[d  o]! th( txtmtmpical  Iviut(:rllil)](. f\ltllougl)  f-llrth(!]’

stucly  of (lifl(,r(~])t  S(WSOUS  wol]ld I)(’ illun]iuat,  iup; , W(S would (:xpm:t tlho (lifr~)l~ll~~’s  lx~tw(~(v)

(J KM()  a~ld NM(;  analys(’s  to bc sma]lcr i]) sIIl]lIlltII, duc to tl)c qlli(tt’r dynamica l

sitl]atio]]. A stl](ly  of diflk:r(’nc(?s  il) the tropic+  would also bC in forn)ativ(’,  althougl)  it is

kyoncl  the s(x)I)(:  of this papm. A  numl)mof  additiol]al  (oIIc(:rIIs aris( at, low latitudm,

in partict]lar  th(’ ciifiiri]lti(:s of ol)tai])iug  rmlistic  analyze(

7. Conclusions

winds  clos(’ to tile  mlllator.
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Figurel. l)if~crcncc(m s- ] ) in zond  mean wiads calculated from (JKM()  gcopotmtial  heights,

and frolll  the (. JKM() assilnilation  (Calculated - Assi[ni]atio]l , see text),  on 11 Jan 1992. ConLcJlll

ilitcrval ill is 2 m s-” 1, with dtLshd lines indicating;

Figure 2 . s40 K N]] }’V calculated from (a)

winds derived frc)m (JKMO  geo])otential  h e i g h t s

negat i~ e values.

(. JKM() wi]lds 0]1

on 1 1  J a n  1!392.

1 1  Jail 199’2, and (b)

( ‘o[ltour intend  is 1

x 10-4 ]< ]1}2 kg–l  s–], w i t h  shadi]lg hctw+wn  4 and 5 x 1 0 - - 4  1< ]n~ kg- 1 S–l. l’rojmtion

is orthographic., with 0° longitude at, the bottom (If the plots, 9001’; to the right, a)ld 30° and

60° N latitude circles as dashed linm.

Figure 3. ‘1’ill~c-series of (.JKMO aIld NM(;  ~onal mca]l 1( I hl)a  temperatures (K) for January

1992, and the difl’eronce Iwtwmn the two (NMC - (J I{ MO). ‘1’el]~])c]:it,~][f’  co]itour  i]lterval is 5

K, with 235 to 240 1{ shaded. l)if~erenco col]toilr  illtelval  is 3 K, with daslld lines indicating

negative values.

Figure 4. As in h’ig. :3, but, a t  46 ]1}’a. ‘] ’cmperaturc  COII1 0111” interval  is ‘i?.b ]<, With  ]97.5 t o

200 K shaded. l)ifference  corltc)ur interval is 1 K.

Figure 5.  As i(~ l:ig. 3, but at 1 Ili’a. ‘1’emperatuw  co[ltollr interval  is 3 K, with 2.55 to 257 K

stladed. l)ifl’err]lcc  contour  i[]terval is 2 K .

Figure 6. As it] l~i~. 3, l~ut for zo]lal mea]l wind (m s-- ‘). W i n d  col,tour  i~,tmml is 5 *,, s-l,

wi th  25 to 30 nl s- ] shaded.  l)ifl’erollce co]lt, our i]lterval is 4 m s-- ] .

F igure  7 .  As  ill l(’i~. 6, I)ut for 46 Ill’a.  Wind co]ltour  interval i s  ;3 111  s–], w i t h  21 t o  24

111 s - 1–  1 s]l:i(l(,cl.  ])if]’pl.(.ll~c  CO I)(OUI interval i s  1.5 l]) s  .

I’i.gure 8. A s  ill l)ig. 6, but for 1 hl’a. W i n d  co]l~our iilterval i s  1 0  [1] s- ], w’itll ;30 t o  4 0

11) s- ‘ –1shaded.  l)iili’r(’]lcc  contour  interval is 5 m s .

Figure 9. A s  i(] l~i~. 3 ,  hut a pmssurc time section :it (is”N. ‘J’p]l~j)plat(l]e  coIlto(l]  i[lt,crval  is

5 K, with 235 tc) 240 K shaded. I)if)krence  contour  interval is 2 K.
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Figure 10. 10 hl)a, N] 1 gwpotent,ial  llri~ht (colors, km) an{] kmp{~rat{lr(  (contours, K) from

(JKMC) (to])) a n d  NM(I (ll~iddlc) oil 1 1  Jan 1992, and the diilcrencc  (NL’1( ~ - (I KM(), botto]ll)

ljrtwcrli  the two gmpotrntia] hei~ht fields (colors, kn)) and the two telnpcraturc fields (contoursl

l{). IJayout is as in Fig. ‘2. ‘1’empmature  contour  interval is 5 1{; tcmpcratul  r dif~cmnce contour

inten’al  is 5 1{, with dashed  lines indicating nep;ative values. ( ‘olor bars  p,ivc gcopotential  Ileight

contours.

Figure 11. A s  ill h’ig. 1 01  I)ut at 1 111’a. ~’mnpcraturc  co]lt,our ilit[~rval is 5 K ;  trmpcratum

dif~rrc]lce contour  illtcrv:il  is 5 1{ .  (~0]01’  bars  give  g(Y)} )Ot(’I)ti:L]  heiglit  (’oll~oum.

Figure 12. LJI<MO (top) a]ld h’MC~ (]niddle)  temperatures (K) :iloIIp; t lit 60”N ]atituc]e circle

on 11 Ja]l  1992, and tllc dif[erenm lmtwccll the two (l)ott,om),  ‘1’e]n])erature  c(~llt,our illterval is

5 K with 240 to 245 K shaded. 1 )ifl’crcnrc contour  illterva] is 5 K, with dasl]d lillm i[lclicatilig

nc~ativc  values.

Figure 13. IJl{MO aIId N M ( !  pc)tellt,ial vorticity  (1’V)

K. IJa.yout is as in l~ig.  2. CoIltour  interval at 14501< is

36 x 10-4 K m~ kg-l S-l shaded; contour interval al

with shading between  4 and 5 X  1 0– 4  1{ mz kg–l s’

0 1 1  11 Jan 1992 at 1~150, S40 aIId 465

6 > 1 0- -4  K  mz kg- 1 s - ] ,  wi th  :30 to

840 1{ is 1 X  ]()- ‘1 1< m~ k~- 1 S - - ] ,

1., cljlitour  ilitcri’al  at 465 1< i s  0 . 0 5

x  10–” 1 {  1112 k~–1 s’ 1 ,  w i t h  shading  l)ctween 0.25  and  0.:30 x  1 0-’ *  K  111) kF; - ‘  s-” ].

Figure  1 6 .  As ill l~ig. 14, I)UL for Zollal Illc’a]l  Wi]l(ls (m s“ ] ) .  \4’itld (OIItoMI” interval  i s  1 0

111 s- ‘ , w i t h  4 0  t o  50 m s- ] slladrd.  I)ifl’crcnce conto[lr  illte] d is ‘2 I]) f, .-1
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Figure 17. As in l~ig. 9, but at 68°S.  ‘J’em])eratulc  contour interva] is 5 ]{, with 230 to 235 ]<

shaded. 1 )ifl’crellcc contour iatcrva]  is 1 K; dashed lines irldica,te  ne~ativ(,  values.

Figure 18.  As in l~ig. 1 7 ,  hut for zona] lnean wind (]]I S - l ) .  Wir,d contour  ir)terval i s  5

11) s–’ , with 45 to 50 m s–l s h a d e d . l)iflerencP  coIItou  I iIit,erval  i s  2 II) S - l ;  dashrd lillm

indicate  ne~ative va]urs.

Figure 19 .  As  in 1+’ig. 1 0 ,  but for the S11 on 4 Scp 199Y.  IJayout is L}LC s a m e  a s  in IJig. 2,

except  0° longitude is at the top of the plots. ‘1’emperature  ( ontc)ur illteriwl is 5 K. ‘J’emperaturr

difl’crellcc contour interval is ‘2 K; dasl INl lines woIIld indic:~tc ncgativr  v:illlcs. (~olor I)ars Sivc

geopotelltia]  height contours.

Figure 20 .  As  in l~ig. 1 9 ,  but at 1 Ill’a.  ~Tempelatule  contoul illt(’1’Vi31  is 5 1<, ‘J’empmatuw

diflercnce  contour  interval  i s  4  K ;  dashed lin& ilidicatc  negative  Iralllcs. (;olor bars give

~ec)potential hci~ht cc)ntours.

Figure 21. As ill 11’ig.  1 ‘2, but around 60°S on 4 SC]) 19!32’. ‘1’elll]~clat[ll[’ contour  interval is 5

1{, with 240 to 24.5 1{ shaded.  I)iflcrcnc.e colltou~ interval is 3 1<; clasliec] lil[cs indical,e llcgativP

values.

. ,

FigUrc? 24. l)if]’orcllrcs  as a function of pressure between  () KM()  and radios[)ndc tcl]l])eratures

(sc)lid grey dianlonds)  and NM(;  and radimo]lde  t~lll])~liitt]]~s  (O])CII  I)la(k  ci~clcs),  f o r  a l l

radio so]lcle IIleasurelnellts  wii,ll tclll]wraturcs  less tlla[l ’200 K, and at latitudes lJetwm’11 60° a]ld

76°N, c)n (a) 14 and 15 Jan 1995, alld (1)) 28 to 30 Ja[l  19S)5.
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Figure  25,  As in P’ig. 23, I)ut for sc)utlier]l high latitudes,  for May tllrou~’,1] Srptemher,  1992

through 1994.

Figure 26.  As ia l;i.g. 24, hut for 00° and 7 6 ° S ,  a n d  f o r  ( a )  11 to 19 A(IR 1993, and (1)) 11 to

19 Se]) 1993.

Figure 27. 10 hl’a Nil (lKMO  temperatures ou 13 Jan 199’2. Co[ItcIur iliterval is 5 1<; shading

is frolll 210 to 215 K; layout is as ill l~ig. 2.

Figure  29. 10 1)1’a  S1 I I’V OH 5 .Iul 1993 frolu (a) (J KM() :ind (1)) NL4(’. ( ;oIIt,ou  I interval  is

1 X  10-”  I i  IIIJ k~-’ s - ’ ; s]ladill~ i s  I’ro]l] -7 to -8 x  10-”4  li lllz kp, - 1 s-  1.
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Table 2. S u m m a r y  o f  rms and average  difTerenc.es  bctwect]  l-JKMO aIIfl radiosonde  temperatures,

and brtwmm NM(”: and radiosonde t e m p e r a t u r e s ,  in tile S11 lower stratos})hem  during the 199;3 winter.

Radioscj)lclr r~~eas~lrcl]]clltsl )et~veo~~ 3C and 54 1~1’a,  and 6 0 °  ii]icl  76C’N areinrludcd. I t a l i c i z e d  avcra~r

difl’erenrcs  represent biases that are nc)t statistically significalli,  at tllr 2-.sig7na level.

l)ata’~’ypc #sondm rnls A’]’

T<200K ‘11<2001<

III(M() 2? ‘ 1.0:3

a,vg AT #  sondm rmsArl’ avgArl’Dates

——.——. ..— —

11-19 May

all ‘1’‘1’<200 K all ‘1’ all ‘J1
—.

-i 0.34 178 1.83993 -0.7:3

-j 0.81 1’/s 1.55 -/ 0.01NM(: 27

{J](MC) 108

.42

.(s3 1.90

] .79

-0.55

-fo.13

11-19.11111 1993

11-19.1111 199:1

11-19Aux ~99:~

11-l flsrp 1993

NMC 108 1.77

182

1 S2

2.0:3

1,89

-0.:31

+0.64

[JKMO 142 .1.43

NM(: 142 1.69

-0.18

-10.76

\JKMO 1 2?s 1.94

Nh4(: 128 2.98

-10.71

-12.09

1 (;2

l(i2

-10.70

-} 2.0(;

-10.8:3

-{ 2.4s

2 ().5

205

-10.49

-12.05

(JKMO 130 1.76

NM(! 130 2,!32
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840 K W, 11 Jan 1992

(a) from Assim winds

(b) from Calc winds
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10 hPa geopotential  height (km)
and temperature (K)
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